Urban lighting is one of the significant issues that urban designers and architects are facing, and it has received a special attention in recent years. Urban lighting pursues critical goals such as preserving the livability of the city during nighttime, providing a sense of security, maintaining the city"s readability, etc. Use of incompatible patterns for lighting design wastes significant amount of energy annually. A master lighting plan for urban areas should be recommended to achieve these goals and prevent wasteful energy use in lighting. One of the solutions for designing an appropriate plan is to notice the pedestrian traffic pattern in the city by considering space syntax model and integration maps analysis. In this research, one of Tehran"s regions has been chosen and its integration map has been generated using appropriate software. Tehran is selected as case study of this research while the results might be applied in other similar cities especially in developing countries. First, based on the integration degree of the passages which reveals pedestrian traffic pattern and considering recommended illuminance standards, the average required lighting has been determined. Second, comparing the measured lighting intensity and the standard amounts reveals the correlation between the presented urban lighting and energy consumption model. Eventually, different solutions for appropriate urban lighting design based on acceptable energy consumption patterns have been suggested.
Introduction
Urban lighting is one of the significant issues, facing urban designers and architects, which have received particular attention in recent years. Masses, enclosed spaces, colors and texture of objects are only understood correctly when they have well lit and designers are always looking for a method to show the city at night, same as a day. One of the first goals of lighting is to increase the people"s hours of activity, so that people can continue their activities after sunset [4] . Other significant goals such as creating security and maintaining the city's readability and creating an exciting atmosphere for citizens can also be considered for the significance of the urban lighting. Considerable thought in here is attention given to the pattern of energy consumption in urban streets beside the attention given to urban lighting objectives. Always a lot of energy is being used for the urban lighting and according to the world's statistics, twenty or thirty percent of consuming energy is wasted and does not play a role in urban lighting.
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One of the important issues facing designers for saving energy used for urban lighting is to pay attention to the principles of urban lighting. For this reason, indicators and standards for street lighting should be considered. For example, lighting in those parts of the city which are more important in terms of riding and pedestrian trip rate should be more than those parts that are less used. Global standards have specified the minimum lighting for urban roads. Here, we should look for a method for lighting the urban passages in such a way that they will be in accordance with international standards of minimum lighting, based on the vehicle and pedestrian movement and accordingly, the amount of energy lost in this area is reduced.
Consequently the principal here is finding the right relationship between the social behavior pattern of people in the city at night and spatial configurations. By increasing the complexity of the factors involved in human communication and the structure of artificial environments, such as urban spaces and architecture, the use of intuitive and narrative methods alone does not meet the needs of today's society [11] . One of the preceding methods is the use of space syntax techniques. In this technique, we seek to transform the form and spatial configuration, through mathematical language, into social processes such as pedestrian movement patterns [14] 
Research scope and procedure
Consequently, in this research it is intended to use the space syntax technique to reach the pedestrian movement pattern and then classified crowded urban roads and compares this category with the global lighting standards, to suggest an appropriate energy consumption pattern for urban street lighting. For this reason, one of the old and crowded areas in Tehran has been chosen and through the specialized software of space syntax, we have outlined the pedestrian movement pattern. Then, this classification is compared with the recommended illuminance standard and then three streets were respectively chosen (crowded, average and quiet) and we have extracted the lightening of these streets. In the next step by comparing these results and the recommended illuminance standard, we will reach the amount of the energy lost and finally, we can get an appropriate lighting pattern for Tajrish area. In the end, this method can be generalized and developed into a suitable model for urban lighting. In order to better understand the topic, the process is shown in Figure 1 . 
Background 3.1 Space syntax theory
Hillier and Hanson published a syntactic theory for the pattern of space and interaction in the built environment in the social logic of space in 1984. One of the foundations of space layout is the existence of a two-way relationship between space and socio-cultural patterns, in which this method is trying to explore it by using the concept of composition in urban spaces. In this sense, the shape of cities is a reflection of the citizen lifestyle and cities can be defined in the historical, economic, social and cultural aspects of people"s behavior [8] . Space is a form that is shaped by social action and at the same time puts preconditions for social action. In the opinion of many scholars, spatial forms and social processes are different ways of thinking about a single subject [5, 10, 13] . Hiller believes that spatial and social forms follow such a close relationship that the spatial configuration by itself can define many social patterns such as land use distribution, movement, crime, immigration locating, and so on [7] . This theory states that before any other feature of space, such as form, shape, color, texture, etc., which are the characteristics of each space, those things that affects how space are experienced, is the relationship between spaces, known as spatial configurations. In fact, in this method, the characteristics of spaces are not individually significant in shaping the behavior of the users, as they are combined with other spaces in the system [2] .
This theory believes that movement is essentially related to urban morphology and the major product of the space configuration and the method of communication between urban elements, so the spatial configuration alone can be considered as the main reason for predicting pedestrian movement [9] . This does not mean that the highest amount of movement in the city is due to spatial configurations, but it is confirmed that spatial configuration is the primary factor in creating the movement so that, without knowing it, it is not possible to study the pattern of movement in the city. Based on the theory in numerical terms, we can find a clear relationship between spatial patterns and how people use them. Using simulation and comparative comparison of the space syntax specialty software, the pattern of the combination of spaces and their relationship with the transformation into the desired graph has been analyzed and variables such as the degree of interconnection and separation are achieved this allows for the analyses of social-behavioral patterns. Space layout can be used to identify the most integrated and segregated spaces, so that pedestrian movement can be optimally managed [3] The degree of integration is the mean depth that goes through the node to achieve all the nodes in the system. In the linear map we can say that the value of linking line or space is the average of the number of lines that can be accessed with it, from one line to the other lines of the whole system. The method of space arrangement, with the assist of the concept of integrated radios, can predict pedestrian movement. Experience has shown that the integration degree of a node is related to the rate of use of that node or the rate of pedestrian crossings in that node and this criterion is known as the potential of movement [8, 12, 14] . Integration has a communication concept in the space arrangement, not the concept of metric distance, In other words, the higher the integration rate of a street, the greater the pedestrian movement in it, and as a result space will be more favorable for the users.
Besides the concept of the potential of movement, there is another concept which is called the natural movement and it expresses the relationship between urban structure and the way urban spaces, which are located together with the pedestrian traffic density. Natural movement has another meaning, called movement economy. The natural movement and, as a result, the urban network, through the absorption of movement, will affect the patterns of use and the patterns of use will, after formation, intensify the natural movement. In this way, a cycle of aggravating impacts is formed, and this cycle will regulate the urban pattern [8].
Correlation between lighting design and energy consumption
Urban lighting design is a relatively new topic that has gradually entered the field of architecture and urban design. At the beginning of the entry into urban planning, the purpose of the designers was to create the city's security and lighting in order to expand the activity of the users at night. With the progress in lighting knowledge, other goals such as the beauty of the city at night, the identity of the city and creating security and maintaining the city's readability were also considered. And today"s lighting performance is more than just lighting up the cities. The lighting needs to illuminate more than just the actual lighting functions; it also shapes the face of the street and defines the residential environment as a "homely" atmosphere [15] . Good lighting of a particular space can attract pedestrians to stop by and consider those objects in detail. It can affect the street in how it is perceived and used. Furthermore, it reveals the meaning of objects along the street, park and plaza including monuments and buildings and how those objects are perceived [10] . The importance of public environment lighting increases in a parallel way with the amount of pedestrian traffic in these places. Since the 1990s, along with an increasing concern with outdoor lighting, cities have started to glitter more at night [6] . The key issue here is the use of lighting techniques and methods in such a way that, besides creating a safe and suitable environment for pedestrians, they also control energy consumption. Unfortunately, a lot of energy is wasted every year for city lighting. For example, according to estimates by the International Dark Sky Association, at least 30% of the exterior lighting is being wasted in the United States, this waste of energy equals $ 3.3 billion and produces 21 million tons of carbon dioxide per year, of this amount, 15 million tons of carbon dioxide is produced only from outside lighting of residential areas. To compensate for this amount of carbon dioxide, 875 trees should be planted annually. Also, according to the statistics provided by the Ministry of Energy in Iran, each year, 4,305,000,000 kWh of electricity is sold by the Ministry of Energy for street lighting, of which about 30% of this energy is wasted. The amount of energy lost is about 1.291.55000 kWh. This amount of energy dissipation is approximately equivalent to 23 million barrels of crude oil.
History of Tajrish region
Tajrish is one of the oldest regions in Tehran. At first it was not part of Tehran and was considered as countryside out of Tehran. Increases in urbanism and expansion of cities have changed this region to one of the most crowded places in Tehran with lots of vital passages. One of these important passages is Valiasr Street which is important since Pahlavi era about 100 years ago.
There are some significant old buildings such as Bazar of Tajrish and Emam zade Saleh monument and new buildings such as Arg and Tandis shopping centers. Tajrish does not follow a modern urban grid and passages are not based on grids.
Tajrish is selected as a case study in this project because of the mentioned reasons. That is to say all of these features make this area to be crowded by both vehicles and pedestrians at night.
Data collected 4.1 Local integration map of Tajrish area
In this section, the axial map of part of the Tajrish area has been drawn into the AutoCAD software. The axial map is a simplified representation of the street network. Then we have inserted this axial map into the Ucl Depthmap software and then performed integration analyses on it. Integration of a point indicates the integration or segregation of a point from a general system or from a lower system. Spaces that have more compatibility with other spaces, are considered to have higher integration rate. On this map, the red lines show high-integrated roads with more pedestrian traffic. In other words, these lines represent the most accessible paths, and vice versa, the blue lines Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org show the paths with the least amount of integration. Figure 2 shows the integration map of Tajrish.
Figure 2: local integration map of Tajrish area
As it is clear, Tajrish square is among the most integrated places in this area and then two streets that reach the square. As mentioned before the higher the integration of a street, the greater the potential of pedestrian movement, as a result the space will be more favorable for the users. Of course, it should be noted that the natural movement, the movement resulting from the configuration of space, although is not necessarily the broadest movement in the city, it is the dominant movement in the whole city, so without it, most urban spaces are often empty [1] . According to the results gained from the degree of integration, we can categorize the paths in the map in terms of priority in lighting and the amount of lighting allocated.
Standards of street lighting
The outdoor lighting should support the design concept of the area and buildings, provide orientation and be comfortable. Especially for street lighting, quantitative aspects of light such as recommended illuminance, luminance, and uniformity of them should be verified and applied for both vehicle and pedestrians [1] . There are some classifications for streets for outdoor lighting purposes. Based on Iran recommended illuminance standard there are five types of road classification and for each of them three types of area classification contains of commercial, intermediate and residential. Table 1 shows the standard lighting intensity of each of these areas. 
Determining amount of lighting
According to the pervious section we can extract the standard of lighting in passages based on pedestrian movement and traffic pattern. As an example streets with high degree of integration which are determined in red color consider more pedestrian movement in compare with the ones in blue. So it is better to consider their light intensity from 7 to 11 lux. In order to analyze the lighting design of this area we have selected three passages as a sample to look at precisely. 
Figure 4: pattern of measurement of illuminance in selected street
The pedestrian street lights are at a distance of 30 meters and the base of the lights is 7 meters. Considering the relatively high pedestrian crossings of this path and according to Iran recommended illuminance standard, the proper lighting for this pathway is considered to be from 7 to 11 Lux. After tracking the path and measuring the lighting by Lux meter, the average lighting amount was 11 Lux. An important point here, is the lack of uniformity of the entire path. So that in the parts of the path the lighting amount was 16 Lux and in other sections 3 Lux was measured. The table shows the number of the measured values. As it is shown in the table above, the uniformity ratio for this street is almost equal to the standard values. The overall uniformity ratio resulting from the least intensity of lighting division to the average lighting intensity, can be compensated by increasing the minimum brightness value. As it is shown in the table above, Due to the difference between the maximum and the minimum of light intensity, the uniformity ratio is less than the standard range. Also, the average lighting in this part is greater than the average lighting of path number one, because the lights in this range are closer to each other. As it is shown in the table above, the average lighting level is slightly higher than the standard level. The design of the lights in this street is similar to number one passage, but in terms of usage and volume of traffic is in the lower range. Therefore, it seems that choosing a type of design for two completely different passages cannot lead to a satisfactory result. 
Data analyzing and proposals
According to the measurements and tables presented, it seems that parts of the street lighting are in the standard range, and the other parts are not within range, which results in the loss of energy. In general, according to measurements, there are three different modes.
1) In parts of the passages the measured values are within the standard range. For sure, all of the lights in the study area have spent more than half of their life, therefore, it seems that at some point in time there was a loss of energy, because the lights of these passages are less lightening due to their half-life. 2) Parts of the passages have very low lighting intensity, this will make the problem in the pedestrian crossing areas, such as insufficient security for pedestrians. In addition, in this area, commercial places have to individually provide their own lighting requirements. This will cause light pollution and loss of energy. As in street No2, the intensity of the measured brightness was much higher than the permissible limit and the light intensity was measured about 28 Lux. Therefore, based on the volume of pedestrian traffic and by referring to integration analysis maps, this can indicate the standard range required for passages. In the second stage, selecting the appropriate light at sufficient distances and in general, lighting design engineering seems to be essential. 3) Parts of the passages have a higher brightness than the standard range. As mentioned above, to resolve this problem, it is better to determine the lighting intensity by the volume of traffic, which the one of the best way is to use an integration mapping pattern.
As mentioned before it seems necessary to extract pedestrian movement pattern in urban areas to estimate the required light intensity within the passages. The next step in lighting design is to determine an average lighting intensity for each area. Then the arrangement of lights is important. For example fixing the lights behind the trees can reduce the amount of received light.
Conclution
In this research, it has been tried to reduce the amount of energy losses in urban areas by providing a model for Urban and Street Lighting. Lighting can pursue many goals, such as maintaining city dynamism at night, creating readability, security, and so on. City at night should be illuminated in such a way as to provide security for the citizens, consequently a minimum lighting is needed throughout the city. But in areas where more people are present, attention to street lighting is more significant. In this regard, we should look for a way to prevent the loss of energy in these areas. Therefore, one approach could be a pedestrian traffic pattern implementation in the whole city. So that the axial map of these areas should be analyzed by the relevant software. Then, according to this roadmap, more accessible roads, and accordingly higher traffic and pedestrian capacity should be identified. In the next step, the lighting standard tables and the amount of light needed for the different integration ranges should be derived. This solution can be very useful for the urban master lighting plans and prevent macroscale energy loss.
Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org Future research can provide solutions to reduce energy dissipation in smaller quantities. It is very important to pay attention to the arrangement of the mounting lights in height, their distance to each other and also the clarity of the lights. The significance of mentioned factors is clear since they are parts of the parameters in measuring the illuminance formula. But in the way of the arrangement and installation of lights, features of the site should be considered. As an example, parts of the lighting lights available in passage No. 1 were hiding behind the trees. This caused the measured lighting in that area less than the average. In fact, after the presentation of the master plan for lighting design which can be done with the assist of the analytical integration software, the proposed design and implementation on a smaller scale can prevent energy loss in urban areas
